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Abstract. Recent work on nearby AGNs has shown that X-ray variability is correlated with the
mass and accretion rate onto the central SMBH. Here we present the application of the variability-
luminosity relation to high redshift AGNs in the CDFS, making use of XMM-Newton observations.
We use Monte Carlo simulations in order to properly account for bias and uncertainties introduced
by the sparse sampling and the very low statistics. Our preliminary results indicate that BH masses
span over the range 105÷ 109M⊙ while accretion rates range from 10−3 up to > 1 m˙Edd .
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Measuring variability for sparsely sampled/low statistics AGNs
Recent studies of the X-ray variability of nearby AGNs have shown that the Power
Density Spectrum (PDS) presents a characteristic timescale that correlates with BH mass
and accretion rate [1, 2, 3]. The extension of these results to distant AGNs is difficult
due to the sparse sampling and the low statistics. In such cases the Excess Variance is
commonly used to estimate the intrinsic lightcurve variance [4]; however it represents
a maximum likelihood variability estimator only for identical/normal distributed mea-
surements errors and uniform sampling. Thus it can be used as an alternative approach
provided that the effects of non-optimal observing conditions are properly taken into
account. Here we concentrate on the first set of 8 CDFS XMM-Newton observations
spanning from July 2001 to Jan. 2002 for a total exposure time of about 370 ksec, where
we detect variability in 59 of the 170 sources.
We performed Monte Carlo simulations of AGNs lightcurves in order to quantify the
bias of the variability estimator, modifying the original Timmer & Koenig algorithm
[6] that generates red-noise data with a power-law density spectrum, reproducing the
sampling pattern and uncertainties of the real XMM-Newton observation. Fig.1 (left
panel) presents the excess variance distribution for 5000 simulations of the sparsely
sampled lightcurve compared to the input value, fixed at 0.04 (i.e. 20% rms). The
measured excess variance underestimates the intrinsic variance and the uneven sampling
results in large uncertainties (∼ 100%), mainly because the sparse sampling doesn’t
FIGURE 1. Left: Excess Variance distribution from 5000 simulations reproducing the CDFS
sampling pattern (solid line), compared with the expected input value (vertical line), the dis-
tribution corrected for the mean count rate (dotted line), and the max.likelihood approach [7]
(dashed line). Right: Luminosity-variability plot for the bright CDFS sources. The lines show
the predictions of the model for different accretion rates values and a range of BH masses.
allow to measure the intrinsic mean count rate.We used these results to correct the bias
introduced by the sampling pattern, rescaling the excess variance by a factor given by
the ratio between the input and median output value derived from the simulations.
Mass and Accretion Rate Estimates
We adopt the model by [5] to convert excess variance and X-ray luminosity into m˙Edd
and MBH , assuming that the AGN PDSs is a power-law of slope -2 (-1) above (below)
the break frequency: σ 2NXV =
∫
∞
l f PDS(ν)dν ∝
[
ln(νb f )− ln(νl f )+1
]
where νl f = 1/T
(T is the length of the lightcurve) and νb f ∝ εm˙Edd106M⊙/MBH . We can further relate
the X-ray luminosity to the accretion rate and BH mass through an appropriate X-ray to
bolometric luminosity conversion. Fig.1 (right panel) shows the excess variance versus
X-ray luminosity of our AGN sample, compared to the model predictions for different
accretion rates values, and a range of BH masses. We obtain BH masses spanning over
the range 105÷109M⊙ and accretion rates from 10−3 up to > 1 m˙Edd .
Our preliminary results suggest that X-ray variability can be used as a tool to measure
masses and accretion rates of AGNs in deep surveys, provided that the bias and uncer-
tainties introduced by sparse sampling and low statistics are properly accounted for. We
plan to extend our analysis to the additional 2.5 Msec CDF-S dataset recently approved
with XMM-Newton (PI A. Comastri).
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